Real time kinetics of the DnaK/DnaJ/GrpE molecular chaperone machine action.
Applying stopped-flow fluorescence spectroscopy for measuring conformational changes of the DnaK molecular chaperone (bacterial Hsp70 homologue) and its binding to target peptide, we found that after ATP hydrolysis, DnaK is converted to the DnaK*(ADP) conformation, which possesses limited affinity for peptide substrates and the GrpE cochaperone but efficiently binds the DnaJ chaperone. In the presence of DnaJ (bacterial Hsp40 homologue), the DnaK*(ADP) form is converted back to the DnaK conformation, and the resulting DnaJ-DnaK(ADP) complex binds to peptide substrates more tightly. Formation of the DnaJ(substrate-DnaK(ADP)) complex is a rate-limiting reaction. The presence of GrpE and ATP hydrolysis promotes the fast release of the peptide substrate from the chaperone complex and converts DnaK to the DnaK*(ADP) conformation. We conclude that in the presence of DnaJ and GrpE, the binding-release cycle of DnaK is stoichiometrically coupled to the adenosine triphosphatase activity of DnaK.